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RESEARCH AT THE STARPORD CEETER FOR RADAR ASTROECHY

Research conducted in whole or in pert under BAZA Grant no. 377
ircludes theoretical and experimental rzdio and rader studies of lunar and
planetary ionospheres, stmospheres, and surfaces, and redsr studies of the
sun end imterplanctary medium.

PIARLTARY RESEARCH

A report: 'The Bistatic Radar-Ocenlistion Method for the Study of
Planctary Atmospheres; " by ¢. Fieldbo and V. R. Eshlemen, 1955 cummrizes
soze of the planctary rescnrch supporied dy HsG 3T7. This mper ic alsc
gubmitted for publication in the JGR. Vhille oiuher nspecis of the prodlew
are still deing supported by the grari, Stenfori's participatior in the
¥eriver C telenstry occultetion experlme:st hes now deen funded ecparately
under MR 05-020-065. Measurements of amplitude and phage dath will be vsed
for two independent deoterminutions of the refrrctive index profils of tusz

Martisn atmosphere.

A study has beea siarted of possible models for the atwmospicre of
Mars. Thiseudy is recessory in order to estimate {he perturbations expscied
to the telemeiry aignal, ard %o interpret the d-ta vhern they become zwailable.
Current esti:zﬁtea ahovw that the telometry signsl 13 affected both by the
troposphere and the loaosphere. These parturbdetions should povide imporiasunt
nev informstion on scale heipght and densities both 1z the treposphers and
the ionosphere of Mexs.



MACKETCHYDRODYHAMIC YAVES JTH IRTERFIAIETARY SPACE

Racent spececreft measurements bave brovght beck highly indicative,
though inconclusive, evidence of shock waves in the ianterpleretary medium.
Feretofore, uncertalnty existed os 4o vhether shock wvaves can ztist in col-
lision~free plasmas. Additiomal independent wverification of their existence
is necessary. It is suggested that bistatic redar can £ill this role admir-
ably. In sddition {5 having the ability to detect the presence f the inter-
Panetary shocks, distatic rad=r is capable of maasuz-ing a mmber of shock
parezeiers such as compression ratic, speed, etc. To deteramine the measure-
ehle pmremeters, the effect of a shock wmve propagating across the raypath
of Che transmiltied electromagnelic vwave must de established. Comsequently,
propmgetion characteristics of the radio wvave in a strean medimn i the pre-
sence of a8 upiform megnetic field have been derived. These resulls have
been used to arrive at methods o measuring particle density and stream velo-
city without having to neglect the effects of the magpetic field of ihe
meddum. The effecte of roglectingan 1isotropic path spliitting, =y refrection,
end errors erising fron the “high frequency” agproximaticon have been analyzed.
Initiad resultes show thet a lerge swount of ianfcrmation sbout the stesdy
ghock parameters can ke obtained from a small number of cctval pessurerents.
Currently, the possibility of using bistatic radar Tor obtaining additicmal
informetion concerning the physical structure of collisionless shocks is being
investigated.

SOIAR RADAR PROGRAM
During the months of July through September, a total of 127 seler rader

Tuns vere made using the 300 kilowatit transmitter near 25 mce ani the L8 elememt
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log pericdic earray. Each run comsists of transmitting & cv signal with an
effective radiated power of 105 wegavetis for the 1T mimate round {rip time
to tl:e sun. In practice the signel is frequency shift keyed between two
frequencies ceparated by kO kilocycles at 25 mes in a pscudo random menner.
The pseudo random sequence is generated by & shift register end is 127 bits
long. When driven by & 4 second clock this produces a 508 second code vhich

is transaoitted rnearly twice during a run.

A mimbher of minor changes in the traasmiszsion and reception comtrol
systen neke the timing and sequencing nearly sutomatic and sllov rapid
ckanges in the radar mode from "sun' to "moon” for otber opsration. The
only major change in operation was the increase of the ltoyed frequency shift
from 16 %o 40 ke.

Several modificciions were mede to the datm processing .sys'tem inciuding
the eddition of an IBX 1620 for digitizing, quadratic instszd of linear fetec~
tion, and the reduction of range increments frcm Tvwo seconds to one. Use of

test runs (& mock signal plus solar noise) demonstrated the system's ability
to deteot a sigral more than 25 db below {he nocise. This was somevhel beoter
than the eerlier gystem and, therefore, all of the 1963 data were reprocessed.

Despite the increased sensitivity po echoes were decected.

The 1964 data have nov been completely digitized and are in the finml
stages of reductioca at the prescent time. One difficuliy bhas been thnt tho
1964 data tapes exhibit a very smzll, extremely slov fluctustion in cubpub

which ic stable enocugh te add up vhen the runs of e number of dzys are sumed.
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It hes been shown that the foull is in the radar dmta recorder and i simple
enough to remove from the daty with digital filtering techniques. The
cffect, vwhile displeasing: is not large encugh to mesk sven weak solar
echoea when properly filtered. The present data will be re-run whrough the

IB( 7090 vhen A new program is completed.

Despite an overzll improvement in gemeitivity and nenrTly three times
more deta then 1963, ro solar echces were evident in either the individuval
or summed cowputer outputs. When compered with the Lincoln Iaboratory results'
which show that the cross settion decreased by o fector of two from 1363 4o
196k, this result is not too surprising. There is some argarant, hovever,
that the cross section is novw on 4he irzerense azd, for that r2es30n, solar rwms

are nov being contemplaied Tor szmer 1965.

Further work on the rresent data tapes will irclude ciimiration of the
long term component and & re-summing of 211 date. A more cozplexr correlstion
Progyam has been wricisn to combet non-stotionm:y poise wailo optimizing the
rexaining details of the processing. It has been used wich Lost runs apd éoes
show some improvement: over the present program. Further theoretical vork is
being done to find the best possible metnod or cumbinetion o methods for the

extraction of very small signals.

CISILIZIAR CAS STUDIES
Aralysis of the tvo frocuency lunar rade: data ie progressing very well.

Concentrated efforts during the previocus reporting perled produced neariy five
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months of lunar datz (operation two hours per day five dsys per veek) which
bave been completely digitived and atored on megnetic tape. To date, the

two efiects most completely analyzed are the Faradey polerization which gives

a measure of ionospheric electron content, and dispersive Doppler vhich pro-
vides s mumber for the rate of change of electron content over the entire
earth-moon path. Comperison of these two measurements can be used to sepa-
rwie purely ionospheric changes from total path changes and, significantly, a
difference in behavicr hes beea found between the daytime erd nighttime results.

The daytime resulis show? 2 posi sunrise and pre-sunset effect which is
interpreted a8 a diurnal exchange of ionization between the upper icnosphere
and the lower magnetosphere. ITi is suggested that there is a net upward
shift of photo electromns along ﬁﬁe magnetiz fi=ld lines during the moraing
and a pet dowmward shift in the afternoon. The maximunm flow rase of electrons
is ebout 3 = 1012 electrona/ma/sec and the total change across the bouadary

can amount to 5 x 1016 elec'tmns/ma.

The righttime resulis show en intrease of electron content atove the
ionosphere in the evening hours as the mcon mores Towaré the anbisolar divec-
tlon and & decrease in the pre-dawn hours when it is moving dach towerd the
sun. It 18 suggested thzat the changes are csused first by the increase and
then by the decrease of ihe raypeth within the magnetohydrodynamie shock weve
boundary as the moon moves in epd out of the magnetospheric wake. This inter-
pretation requires a chonge of about 200 electrons/ce vhen crossing the chock
boundery. £ssuming isciropic distribution and an sverage cnergy of 2.5 ov

the IMP 1 lov energy electron fiux measurements chow e density change of ebout
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150 clectrons/cc st the bowndery.

During several nights &t the end of Decezber, the two radars were
used to perform the firsi messurerent of the total integrated electron
density between the eerth and the moon. The measurement was sccomplisbed
by measuxring the difference in time delay between the 25- and 50-Mc moon
reflected gigoels to an gecwracy of 10 usec.

The experiment wvas mnde possible by the use of ™ radar repsmissions
with time-brnduidth products of 107. Both the tronomitter end recciver
lipear-sveep vavefores vere frlly synthesized fronm a coxmon freguency
stendard, and this precise viming, coupled with the strong cussi-speculsr
retvrn from the moon’s cdge, mnbes possible the Mll renlization of the

radar'’s range accuracy.

Prelimirary analysis of the differentisl grexp delay betweea 25- spd
50-Mc echoes during the carly rorning bours gives an imiegroted density of
500 £ 20 electrons/sc. The data vere taken at a time when the electron cone
tent of the earth’s iomocphere could eccount £ar betweea T5 and 150 electroms/cc
if sprend over the cntire path. From this 1% can be seea thst an upper limit
of about 225 electrons/cc is placed upon tae demsity above the ionospherec.

DATA PROCESSING
Durirg the pasi year effort has been directed toward developing the

éata processing espsbilities of the Center for Radar Astronomy. These cepa-
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bpilities make use of two cowputer facilities st Stanford: Tae Computation

Center and the Hyurid Computer Yaboratory.

The Stanford Computation Center 12 rua by the Computer Scienczs
Department and i8 partially supported by ESF Grant GP-948. It bas two large
computers, & Burroughs B5000, and an IEM 7090 with an IR 1kO for in~out
buffering. In addition, there is extensive off-line equipment: card punches,
danlieators, listers, a serier, interpreter, &nd digital piotter. The
Computstion Center hes developed a compller ard an exteasive 1ibrary of gub-
programs inciucing routines for eacy vse of tke megnetic tape facilities and
the gigital plotter.

The Hybrid Coeruter Iasboratory is rum Jointly by the Systems Theory
and Radioscience divisions of the Stonford Rlectrical Engiming Departzent.
It bas an IRM 1620 digital computer connected o a six~charrel arelog-to-digital
and digitsl~to-sonliog converter, two counters, a card reader and punch, and
e aigltal magnetic tope mechine. I additicn;, the facility has a acsven~
channel tape resorder, an BAY TR-18 and an EAY 16-31R asalog compubter. These
conponents all feed through & simple zaltch varel o allow cudel changeoror

for different data procecsing requirements.

The Center's use of these facliliities hcs been develoned in scveral
ways. Develcpeent of the Hybrid Compter Yaboratory hes been monitored o
easure that it remeine efficient for processing rador agtronomy doto. A
programmer hes been trained for the T8 1620 ond bas vwritten & muwber of

general urpose programs to scale and edit raw data and cutiat the dabz
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cards or digital tape. (Sirce the larger compters are so meh faster and
therefore less costly for & glven computation, the smaller IM 1620 is used
rimsrily to scale and edit datz for the larger machires.) Subprograms
have been vrittem to input the edited data to the computers at the Computa~
tion Center. At this stege experiments usually require special programs
to handle the different types of data. These programs are written by SCRA
graduate students, most of whom have learped the compller languages of the
large computers (FORTRAR, AIGOL, or BAIGOL) in their course work.

J These data processing cepabilities have been used extensively dnriné
the last Yeear and will play a large role in future experiments. Tae impor-
fanee of eutomatic processing is illustrated by the moon radar experiment.
Data from this experiment ere processed at a cost of abcat $50 per day of
data, including all computer and operater costs. BPefore the sautomatic pro-
cessing, 1tmqnmdab§atmmmmwo:@ta, for & cost of
nearly $600. To date, over four monihs of these data have been digiially
processed. Purihermors, in sddition to compiting and displaying the basic
resulis of the day's ran, the compwber stores the origimal data iz eosily
accessible fora on digital magretic tape. These data are then availsble
for extensive study of other meon rader
depolarization, etc.

g- ARG 33 SE.Ch as fm} m‘?ptiﬂn;

In eddition to the wcon radsr experirept the detz mocessing facili-
ties have been used in the golsr rader experiment, the svroral bsekscatior
experiment, and the Jupiter atorm correlation. Non-SCRA users of these new
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facilities include workers concerned vith Syncom gatelliite snalysis, VIF
prorpagetion studies, and, in the near future, the facilities will be
used in meteor radar experiments and in Jupiter and scolar polarizastion

gtudles.

FUBLICATIONS
“An Antenna Array fof Rodar Astronowy Studies in the 20 to 55 ke

Range, " by H. T. Eoward, Technicel Report Eo. 3. contract ReG-377,

Radioscience Iaboratory, Stanford University, Californie, August 196b.
"l_%adar Astronomy of Soler System Plasmas,” by V. R. Eshleman,

Scientific Report ¥o. 4, cootract EsG~3T7, Redioscience Iaboretory, Stanford

University, California, August 196k.

“A model Fokker-FPlanck equation for e olasms end its soluiion,” by

J. P. Dougherty, Physies of Fluids, vol. 7, on. 11, pp. 1738-1799, Fovember
196h. -

PUBLICATIORS IW PRESS
"Ground Bistatic Reder Astronomy,"” by ¥. T. Eoward end V. ¢. Brickson,

J: Ceophys: Res., Merch 1965.

"An Antenna Array for Fsdar Astroromy Studies in the 20 to 55 Mc

Range, " by H. T. Howvard, IEEE Traassactions on Antennes apd Propagation, May 1965.

"Ihe Bistatic Radar-Occultation Method for the study of Flapetary
Atecspheres, " by G. Pjeldto and V. R. Eshlemon, J. Geothys. Res.

PAYERS PRESERTED
"on in Extreme ¥nvirorrmen’," by B. B. lucigrmen, OFR Spoce Science

Seninar or Rader Astronomy, September 196k.



"Radar Astronomy of Solsr System Flasmas,® by V. R. Eshleman, coatri-

butien to Proc. of BATO Advanced Institute for Rsdio Astronomy, Cape Sounion,
Greece, August 196k.

BUDGET

The total smount of this research grant for the three year period
from 1 January 1963 to 31 December 1965 is $455,004.00. The balance remmining
et the end of this reporting period is $23,155.00.



